The second group (AM+) included patients who continued AM treatment.
AIT was defined on the basis of the following criteria: a history of AM treatment for at least 1 month; signs and symptoms of hyperthyroidism confirmed by increased free thyroxine (FT 4 ), free thriiodothyronine (FT 3 ) and reduced thyroid-stimulating hormone (TSH) levels observed during therapy or within 2 years after AM withdrawal; a negative titer of circulating thyroid autoantibodies (antithyroglobulin [Tg-Abs], antithyroid peroxidase [TPO-Abs], anti-TSH receptor [TSHR-Abs] autoantibodies) 10, 17, 18 ; and a thyroid of normal or slightly increased volume without relevant nodules (>1 cm) on conventional ultrasonography. Patients were differentiated according to type I and II AIT. Type II AIT was diagnosed on the basis of the lack of hot lesions in thyroid scintigraphy and lack of TSHR-Abs. 10, 24, 25 Only patients who survived a 2-year follow-up were included into the analysis of hormonal changes.
Methods
The hormonal assessment was performed using a Hitachi Cobas e601 chemiluminescent analyzer (Roche Diagnostics, Basel, Switzerland). Autoantibody concentrations were assessed by the radioimmunological method with the use of commercially available BRAMHS anti-TPO, anti-Tg, and TRAK RIA kits and a scintillation gamma counter (LKB Wallac CliniGamma 1272, LKB-Wallac, Finland). The serum TSH concentration was measured with a third-generation assay (sensitivity, 0.005 µIU/ml). The refernce ranges for serum hormone concentrations in our laboratory were as follows: FT 4 , 11.5 -21.5 pmol/l; FT 3 , 3.9-6.8 pmol/l; TSH, 0.27-4.2 µIU/ml; TSHR-Abs, <2 IU/l; Tg-Abs, <35 IU/ml; and TPO-Abs, <115 IU/ml.
Sonography, radioiodine uptake, and scintigraphy
The Aloka SSD-500 (Aloka, Tokyo, Japan) with a 7.5-MHz linear transducer was used to perform thyroid ultrasonography. Ultrasonography was also used to measure thyroid volume and the ellipsoid model (width × length × thickness × 0.52 for each lobe) was used for calculation.
26 Color-flow Doppler ultrasonography was performed in the entire group. In the case of patients with thyroid nodules, 99m Tc at an intravenous dose of 150 MBq was administered, and 30 minutes later, thyroid scintigraphy was performed (Nucline™ Gamma Camera Family, Mediso, Budapest, Hungary).
Radioiodine treatment and amiodarone Patients with symptomatic paroxysmal atrial fibrillation, in whom the treatment with an antiarrhythmic drug and electrical cardioversion was ineffective, were referred for radioiodine (22mCi~800 MBq) and subsequent AM treatments. The AM-group included patients with a history of AM therapy (lasting at least 1 month), who were diagnosed with AIT up to 2 years after the discontinuation of treatment. The AM+ group included patients immune-related pathology of the thyroid. It may cause hypothyroidism in patients with a disrupted Wolff-Chaikoff effect.
The Jod-Basedow phenomenon (also known as iodine-induced thyrotoxicosis) occurs in the areas with iodine deficiency and endemic goiter, or after excess iodine exposure in individuals with nontoxic multinodular goiter in the areas with sufficient environmental iodine content. 9 The pathogenesis of AM-induced thyrotoxicosis (AIT), which often has a sudden onset, is not well understood. [10] [11] [12] Based on its physiology, AIT is divided into 2 types. Type I AIT is an aggravation of the present thyroid disease by high iodine content; type II AIT is a result of thyroid damage in patients with normal thyroid function. Mixed or indeterminate forms of AIT encompassing several features of both types I and II AIT have also been observed. [10] [11] [12] [13] [14] Thyroid function disorders occur in 16% to 20% of AM-treated patients. The disorders may develop during the administration of the drug and even up to several months after its withdrawal. 15 Antithyroid drugs are the treatment of choice for AIT. 9, 16, 17 Other therapeutic options are glucocorticosteroids 14, 16, 17 and iopanoic acid. 18 Thyroidectomy may be also indicated. 19, 20 AIT constitutes a significant clinical challenge. Hyperthyroidism can promote arrhythmia, exacerbation of heart insufficiency, and, consequently, it may lead to increased mortality, especially in elderly patients with left ventricular dysfunction. Additionally, because of AM's long half-life and accumulation in tissues, treatment of AIT is very difficult. 21, 22 Radioiodine therapy is an option in patients with AM intolerance, cardiac contraindications to surgery, or poor patient compliance. Due to low radioiodine uptake in patients treated with AM, radioiodine administration is a questionable method of therapy and requires further evaluation in patients with AIT and contraindications to other types of treatment.
The aim of this study was to further investigate the effects of radioiodine therapy in patients with type II AIT. We had previously reported that radioiodine therapy may be a safe and effective treatment even in the case of low radioiodine uptake.
23 In particular, we aimed to investigate whether radioiodine uptake depends on the duration of AM withdrawal, and whether the effectiveness of radioiodine therapy depends on radioiodine uptake.
PATIENTS AND METHODS Patients
We analyzed the medical records of all patients who were diagnosed with type II AIT in a single institution, the Department of Endocrinology, Metabolism and Internal Medicine in Poznań, Poland, between 2005 and 2010. Patients were classified into 2 groups. The first group (AM-) included patients with normal or high radioiodine uptake with a past history of AM treatment, which was discontinued for various reasons from 6 months to 2 years before admission to our department. RESULTS A total of 134 patients with AIT treated in our department between 2005 and 2010 were included (the number of patients at baseline was 63 in the AM+ group, and 71 in the AM-group). The mean age of patients was significantly higher in the AM+ group because it included patients with more severe cardiac conditions, often elderly ones, in whom AM could not be withdrawn. Six deaths occurred in the AM-group and 22 in the AM+ group (FIGURE 1). Significant predictors of death were severe left ventricular dysfunction, old age, and other severe diseases; sex, FT 4 , FT 3 , and the cumulative AM dose were not risk factors.
Two-year follow-up data were obtained from 106 patients; their baseline characteristics are shown in TABLES 1 and 2. The mean age of the patients was 66 years, and the female-to-male ratio was 1:4.2. In 4 patients (7.0%) in the AM+ group, and in 14 patients (28.5%) in the AM-group, AM was administered initially as an intravenous bolus of 150 mg; the average dose of intravenous and oral AM was from 150 to 900 mg daily. In the AM-group, AM therapy was continued on an outpatient basis (200 mg daily).
At the time of admission to our hospital for radioiodine therapy, all patients received antithyroid drugs: thionamide derivatives of thiouracil (propylthiouracil and methimazole). Although thyroid autoantibodies (Tg-Abs, TPO-Abs, and TSHR-Abs) were negative, 12 patients presented with a family history of hyperthyroidism.
In the AM-group, the mean thyroid volume was approximately 21 ml, and the mean iodine-131 ( 131 I) uptake (radioiodine uptake) was 12.0% who were permanently taking AM as a life-saving drug of choice. The study was approved by the ethics committee at the Poznan University of Medical Sciences, and patients were informed about the aim of the study and recommended therapeutic treatment and gave their written consent to participate.
Statistical analysis A 2-sample t test and χ 2 test were used for group comparisons. Owing to the lack of normal distribution of either thyroid hormones or TSH in the AM-group and because the samples were related (because patients were evaluated several times), the Friedman test was used. Owing to the noncompliance of thyroid hormones and TSH with the normal distribution, the Mann-Whitney test was used to compare the AM+ and AM-groups. For FT 4 , because distributions were consistent with the normal distribution and it lacked the equality of variances, we used the test of the Cochran-Cox test only in a 6-month follow-up. The Kaplan-Meier curve censored for death was used to show the cumulative incidence of heart failure by thyroid status. At diagnosis of thyrotoxicosis, AM treatment had been discontinued and the cumulative AM dose was calculated as the total dose of AM. The calculations were performed using the Statistica 10 software (StatSoft, Tulsa, Oklahoma, United States). The results were expressed as mean ± standard deviation, median, and minimum and maximum. A P value of less than 0.05 was considered statistically significant. 
FIGURE 1
Survival curve for all 134 patients at baseline and during 2-year follow-up; time zero set at diagnosis of amiodarone-induced thyrotoxicosis Abbreviations: AMgroup -high radioiodine uptake and past amiodarone treatment, AM+ group -low radioiodine uptake and current amiodarone treatment (67% of the patients in the AM+ group and 56% of the patients in the AM-group), premature ventricular contractions (67%, the AM+ group; 56%, the AM-group), or other arrhythmias with hyperactivity. One case of Eisenmenger syndrome in the AM+ group was diagnosed. Each patient received 131 I at an ablative dose of 800 MBq (22 mCi). At baseline and during follow-up, no side effects of the therapy and no signs of drug intolerance were observed. In the AMgroup, subclinical hyperthyroidism occurred in 2 patients (11.8%) after 6 months of radioiodine treatment and 5 weeks of AM administration. In those cases, radioiodine therapy was administered again. Additionally, 5 patients (3 [17.6%] after 12 months and 2 [11.8%] after 18 months) required the administration of an additional dose at 5 hours and 14.1% at 24 hours. In the AM+ group, the mean thyroid volume was 24.9 ml, and the mean radioiodine uptake significantly decreased to less than 2.1% at 5 hours and 1.3% at 24 hours. Before treatment, all patients received propylthiouracil or methimazole. Glucocorticosteroids were administered in 72 patients (30 mg daily or more). At the end of the follow-up, thyroid volume was normal or slightly decreased in most cases in both groups. In individual patients in both groups, focal lesions were observed. Those patients received intravenous 99m Tc at a dose of 150 MBq, and 30 minutes later, thyroid scintigraphy was performed, which revealed no focally increased isotope accumulation.
In the majority of the patients, we observed episodes of atrial fibrillation with tachyarrhythmia Reference values in our laboratory are as follows: FT 4 , 11.5-21.5 pmol/l; FT 3 , 3.9-6.8 pmol/l; TSH, 0.27-4.2 µU/ml; TSHR-Abs, <2 IU/l; TPO-Abs, 0-34 IU/ml; and Tg-Abs, 10-115 IU/ml. All patients had undetectable serum Tg-Ab, TPO-Ab, and TSHR-Abs levels. Thyroid volume was measured by ultrasonography (reference values range up to 19 ml for women and up to 25 ml for men). The reference range for thyroid radioiodine uptake is from 5% to 15% at 5 hours and from 10% to 30% at 24 hours.
Abbreviations: AAD -antiarrhythmic drugs, ATDs -antithyroid drugs, FT 3 -free thriiodothyronine, FT 4 -free thyroxine, GCS -glucocorticoid, MMI -methimazole, PTU -propulthiouracil, Tg-Abs -thyreoglobulin antibodies, TPO-Absthyroperoxidase antibodies, TSH -thyroid-stimulating hormone, TSHR-Abs -TSH receptor autoantibodies respectively, Mann-Whitney test, P <0.001) and during follow-up (at 1 month: 32.2 ±9.3 and 21.5 ±1.9, respectively; at 6 months: 23.4 ±5.9 and 17.6 ±4.4, respectively; at 12 months: 23.1 ±6.0 and 16.5 ±3.2, respectively; at 24 months: 21.0 ±5.0 and 14.9 ±3.1, respectively; FIGURE 3). Similarly, FT 3 levels were significantly higher in the AM+ group compared with the AM-group at baseline (10.0 ±2.7 pmol/l and 8.3 ±2.5 pmol/l, respectively; Mann-Whitney test, P <0.001) and during follow-up (at 1 month: 12.0 ±4.6 pmol/l and 7.6 ±2.3 pmol/l, respectively; at 6 months: 10.2 ±2.7 pmol/l and 6.3 ±2.0 pmol/l, respectively; at 12 months: 8±2.8 pmol/l and 5.4±1.3, respectively; and at 24 months: 7.7±3.0 pmol/l and 4.5±0.7 pmol/l, respectively; FIGURE 4).
In the AM+ group, the time of normalization of FT 3 and FT 4 levels was significantly longer than in the AM-group.
At all time points and in all cases, negative levels of TSHR-Abs were observed. Similarly, the serum concentrations of Tg-Abs and TPO-Abs were normal or slightly elevated without any considerable clinical significance. Throughout the follow-up, there were no cases of Graves disease induced by AM. In addition, patients had undetectable TSHR levels, which confirms no incidence of this disease in our study.
DISCUSSION Based on its physiology, AIT is typically divided into 2 types as described above. The current study focused on type II AIT because only patients without an underlying thyroid disease, with no hot lesions on thyroid scintigraphy and TR-Ab autoantibodies, were included. However, the etiologic and pathogenic differences between the 2 types of AIT depend on many factors which are not fully understood; it cannot be excluded that the mixed type of AIT occurred in some patients, especially those with prolonged hyperthyroidism.
The most important condition affecting the epidemiology of types I and II AIT appears to be the supply of iodine in the diet. Type I AIT is likely to develop in patients with nodular goiter or autoimmune thyroid damage, while type II AIT, in subjects with normal thyroid function. In the areas rich in iodine, the destructive, inflammatory form of AIT is more common.
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According to numerous studies, 10-14 differentiation between the 2 types of AIT, assesed with radioaiodine uptake and sestaMIBI, is important in therapeutic decision making.
27 are important in planning the treatment. However, some authors, such as O'Sullivan et al., 28 reported that it is better not to differentiate between the 2 types of the disease according to the etiology, but rather according to the duration of AM exposure. In clinical practice, it is difficult to distinguish between both types of AIT, so the most frequently used forms of therapy are combinations of antithyroid drugs, oral glucocorticoids, potassium perchlorate, and iopanoid acid. In addition, thyroid ablation may be considered: either total of 131 I because of AIT. In the AM+ group, hyperthyroidism occurred in 6 patients (11.8%) after 2 months of radioiodine treatment and 5 weeks of AM administration. In those cases, radioiodine therapy was was administered again. Six patients (4 [17.6%] after 6 months and 2 [11.8%] after 8 months) required the administration of an additional dose of 131 I because of AIT. At the end of a 2-year follow-up, 85 patients (86%) were successfully treated (hypothyroid or euthyroid), and 36 (14%) remained hyperthyroid.
It should be noted that none of the patients presented with the clinical symptoms of hyperthyroidism. This was probably due to the antiadrenergic action of AM.
Mean TSH levels were significantly reduced in both groups at the beginning of the follow-up. At baseline and at 6 months, there were no significant intergroup differences (Mann-Whitney test; TABLES 1 and 2).
Serum TSH levels in the AM-and AM+ groups were 0.0 ±0.0 and 0.0 ±0.0, respectively, at 1 month; 1.2 ±3.3 and 0.6 ±1.2, respectively, at 12 months; and 4.2 ±3.6 and 1.9 ±0.8, respectively, at 2 years (P <0.0001; Mann-Whitney test; TABLE 3, FIGURE 2).
FT 4 levels were significantly higher in the AM+ group compared with the AM-group at baseline (30.6 ±5.2 pmol/l and 24.2 ±5.6 pmol/l, Abbreviations: see TABLE 1 thyroidectomy or radioiodine uptake. Owing to low radioiodine uptake in patients with type II AIT, especially those on current AM treatment, radioiodine administration seems to be a questionable therapeutic option. According to our results, radioiodine uptake was higher in the AM-group, which discontinued AM. Reduced or normal radioiodine uptake in this group depended on the time of therapy and on time from the withdrawal of AM (in most cases 6 to 24 months). Despite differences in radioiodine uptake between the groups, the use of radioiodine proved effective.
The clinical course of AIT may cause difficulties in clinical diagnosis. Typical symptoms may be nonspecific, mainly due to the antiadrenergic action of the drug and inhibition of peripheral conversion of FT 4 to FT 3 . In the majority of our patients, episodes of atrial fibrillation occurred with tachyarrhythmia, premature ventricular contractions, or other arrhythmias with hyperactivity. One case of Eisenmenger syndrome in the AM+ group was diagnosed. The symptoms of coronary artery disease were also present in most cases. According to Ladeson et al., 29 the sensitivity of the cardiovascular system predisposes to the development of arrhythmias and cardiac failure in thyrotoxicosis, particularly in patients receiving permanent AM treatment. In our study, mortality was observed in patients with low left ventricular ejection fraction (<40%). A left ventricular ejection fraction of less than 40% is a powerful predictor of mortality. Therefore, it is not surprising that mortality is high when thyrotoxicosis and a proarrhythmic condition develop. 29 The decision to use of such a radical treatment as radioiodine therapy resulted primarily from a high level of experience because this form of therapy has been used in Poland since 1956 (it was in our department that radioiodine was used for the first time in Poland). Secondly, in addition to the ablative treatment, in most cases, oral glucocorticoids were used. In over 70% of the cases, antithyroid drugs were used before radioiodine therapy alone or with KCIO 4 . In over 20% of the cases, antithyroid drugs, potassium perchlorate, or lithium could not be used because of leukopenia.
In summary, the present study was a retrospective analysis showing the undervalued role of radioiodine in the therapy of type II AIT. It is particularly useful when other forms of treatment cannot be applied (in particular, thyroidectomy). The results of the present study support the use of radioiodine therapy as a method of choice, even in patients with type II AIT, permanently taking AM and with low radioiodine uptake. In conclusion, radioiodine can be used even in the case of extremely reduced radioiodine uptake, but it requires great patience both from the physician and the patient. Thyrotoxicosis in patients permanently treated with AM has been reported to be associated with increased mortality. Therefore, the withdrawal of AM in the case of AIT should TABLE 3 Thyroid hormones, thyroid-stimulating hormone, thyroid autoantibodies, and thyroid volume in patients with high radioiodine uptake and a history of past amiodarone treatment (AM-group) and low radioiodine uptake and current amiodarone treatment (AM+ group) during a 2-year follow-up Variable 
FIGURE 4
Serum free thriiodothyronine (FT 3 ) levels in patients with high radioiodine uptake and a history of past amiodarone treatment (AM-group) and low radioiodine uptake and current amiodarone treatment (AM+ group) during a 2-year follow-up (reference values, 3.9-6.8 pmol/l)
